We study a large social network consisting of 3 × 10 4 individuals, who interact in a large virtual world of Massive Multiplayer Online Role Playing Games (MMORPGs). On the basis of the players' list of friends and the playing time received from the on-line game server, we investigate the structure of the network and human dynamics. We try to show that the structure of this friendship network is very similar to the structure of different social networks. In order to investigate the relation between networks of acquaintances in virtual and real worlds, we carried out a survey among the players. We found very interesting scaling laws concerning human dynamics. Our research has shown how long people are interested in a single task, and how much time they devote to it. It is surprising that exponent values in both cases are close to minus one.
Introduction
In recent years investigations of complex networks have attracted the physics community's great interest. It was discovered that the structure of various biological, technical, economical, and social systems has the form of complex networks. 1 The short length of the average shortest-path distance, the high value of the clustering coefficient and the scale-free distribution of connectivity are some of the common properties of those networks. 1, 2 Social networks, which are an important example of complex networks, have such properties, too. The advent of modern database technology has greatly advanced the statistical study of networks. The vastness of the available datasets makes this field suitable for the techniques of statistical physics. 2 The study of the statistical properties of social networks, e.g., friendship networks, is still very difficult. It is possible to assess the form of distribution of connectivity as a result of a survey, like in the case of web human sexual contacts. 3 However, other important properties describing the structure of the network are much more difficult to obtain, as a result of the lack of data on the whole network. A survey often provides data on a small sample of the whole network only. Progress in information technology makes it possible to investigate the structure of social networks of interpersonal interactions maintained over the Internet. Some examples of such networks are e-mail networks 4 and web-based social networks of artificial communities. 5 However, there is still an unexplored area of research.
In recent years on-line games have become increasingly popular and attract an increasing number of people. Players interact in a large virtual world of Massive Multiplayer Online Role Playing Games (MMORPGs).
6
MMORPG is a network game in which players enter a virtual world as characters playing roles invented by themselves -gaining virtual life. This virtual world takes the form of a game server connected to the Internet, on which accounts are registered for users who log in through a special game client programs. The rules allow players to create more than one character on one account, each of which has its own personality (further in the text we will describe such a character as an individual). Thousands of people can play on one server -they become a virtual society -so they share the common culture, area, identity and interactions in the network of interpersonal relationships.
Individuals exploring this virtual world can collect funds, trade, organize in groups of different sizes, which can make alliances or wage war. All individuals can add, by mutual consent, other people to their databases of friends. In this way undirected friendship network is formed. Playing time, a network of interpersonal relations (friendship network) and its expansion are the observables which show the activity of the virtual society and provide an opportunity to study human dynamics.
The aim of this work is to introduce a dataset describing a large social network of an on-line game, a which consists of almost 3 × 10 4 individuals (the data were gathered after three years of existence of the server). We show that the structure of this network has similar properties to those of other social networks. We have found interesting scaling laws concerning human dynamics, 7-11 like duration of player activity in the virtual world. In order to study the structure of the network and of human activity, we analyzed data containing the list of all friends, creation date, last login date, and accumulative (total) playing time of each individual. The network under consideration consisted of a collection of individuals (network nodes) connected among one another by friendly relationships (network links).
a The Allseron Team kindly provided research data. 
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The Structure of the Network
Basic network measures of the whole network and a Giant Component (GC) 1 are presented in Table 1 The value of the clustering coefficient C is almost three orders of magnitude larger than that of a random graph (RG) and one order of magnitude larger than that of a Barabási-Albert network (BA). Individuals often organize themselves into groups in order to explore the virtual world, because working in a group is safer and has more advantages. It is highly probable that a member of a group will create connections to other members of the group. The average path length l in GC is slightly smaller than that in a random graph, however it is larger than that in BA network. The population of the virtual world, like the population of the real world, is very mobile. It can freely explore the whole world. During such an exploration an individual has an opportunity to meet other individuals and to make friends. There are some places in the virtual world, like market squares of big cities, which attract many individuals. Trading is a great opportunity to meet individuals who normally spend their time in distant parts of the virtual world. A high value of the clustering coefficient and a short average path length l are characteristic features of social networks; 2, 12, 13 they are typical for small-world networks.
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The degree distribution of the network is plotted in Fig. 1 . The graph shows power law regime P (k) ∼ (k + k 0 ) −γ with k 0 = 6 and γ = 3. Such a power law is common in many types of networks, 1 also in social networks. [3] [4] [5] 15 It is interesting that the same value of the exponent γ is observed in the model of a growing network with a linear preferential attachment.
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The behavior of the clustering coefficient C is an interesting problem. The power-law relation C(k) is similar to the relationship observed in hierarchical networks.
17, 18 Such power laws hint at the presence of a hierarchical architecture: when small groups organize themselves into increasingly larger groups in a hierarchical manner, local clustering decreases on different scales according to such a power law. This may be connected with the fact that individuals can freely explore a whole area of the virtual world -spatial distance between individuals is much less important. The influence of spatial distance between nodes in Euclidean growing scale-free networks on C(k) relation is described in Ref. 19 . The average connectivity of the nearest neighbors k NN of a node with k connections is shown in Fig. 3 . It can be seen that the greater the k, the greater the k NN . Hence, the network under investigation is assortatively mixed by degree; such a correlation is observed in many social networks. 20 In social networks it is entirely possible, and is often assumed in sociological literature that similar people attract one another. Moreover, individuals prefer to contact those who spend a similar amount of time T L playing the game, because it is better for them (similar behavior is observed in other social networks). 20 The average connectivity of an individual increases with increasing T L (see Fig. 4 ). On the other hand individuals organize in groups of different sizes in order to explore the world and to chat. Since it is highly probable that members of a group are connected to other members, the positive correlations between degrees may at least in part reflect the fact that the members of a large (small) group are connected to the other members of the same large (small) group. Social interactions with other players is an important part of each MMORPG. On the one hand such interactions influence the network of acquaintances in the real world. On the other, some pre-existing acquaintances from the real world are maintained in the virtual one, too. In order to investigate the relation between networks of acquaintances in the virtual and real worlds, we carried out a survey among active players.
c We asked two questions:
(a) how many people from your list of friends did you know before you started to play, and (b) with how many people whom you got to know in the virtual world, do you maintain social contact in the real one?
As a result from our study the average number of pre-existing acquaintances is very small, hence, the friendship network in the virtual world did not develop as a growing graph of underlaying social acquaintance network in the real one. However, the average number of contacts maintained in the real world is close to average connectivity k . It indicates that on-line games have strong influence on the network of acquaintances in the real world, and almost all contacts from the virtual world are maintained in the real one. Note that almost all players creating their characters on the examined server come from the same country, therefore it is not hard for them to maintain social contacts in the real world because of the relative small distance between their living places.
Investigation of Human Dynamics
On-line games, like MMORPGs, offer a great opportunity to investigate human dynamics, because much information about individuals is registered in databases. To analyze how long people are interested in a single task and how much time they devote to a single task, we studied the cumulative time spent in the virtual world T G registered in the game database. It turned out that the distribution of c All results of the poll will be presented elsewhere. (Fig. 5) . Thus, the probability that a human will devote time t to a single activity has a fat-tailed distribution. This is so because players can lose interest in playing the game and they can abandon their characters after some time. The lifespan of an individual T L is defined as the number of days since the time of an individual was created to the date of last logging. The distribution of the number of individuals N L with lifespan T L is shown in Fig. 6 . This distribution can be approximated with the power-law
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L . Average time T L equals 69 days. However, for individuals who are active for more than one month, the average time T L equals as many as 170 days. It should be stressed, however, that we have found such a distribution of lifespan in an Internet community (www.grono.net) consisting of over one million users.
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It is very interesting that both distributions, N G (T G ) and N L (T L ), have the power-law form with exponents close to minus one. Similar relations concerning human dynamics have also been observed elsewhere 22 and can be a consequence of a decision-based queuing process. The model of such a process was recently proposed by Barabási and others. 7, 23, 24 It indicates that scale-free distributions are common in human dynamics.
In conclusion, we have shown that a friendship network maintained in the virtual world has properties (e.g., large clustering, a low value of the average path length, assortative mixing by degree and a scale-free distribution of connectivity) similar to other social networks. On the basis of the playing time of each individual recorded on the server, we have presented results concerning human dynamics. The powerlaw form of distributions N G (T G ), N L (T L ), k(T L ) and other authors' results 7, 21 indicate that such a scaling law is common in human dynamics and should be taken into account in models of the evolution of social networks and of human activity. 
